Abstract. Circulating microRNAs (miRNAs/miRs) have been reported as diagnostic biomarkers for esophageal cancer (EC) diagnosis. However, contrasting results have been achieved in different studies. In the present study, a meta-analysis was performed, based on the systematic search of PubMed and Web of Science, to evaluate the diagnostic value of circulating miRNAs in the peripheral blood in EC. The top 5 most-studied miRNAs were selected for confirmation by reverse transcription quantitative-polymerase chain reaction using the blood plasma of 125 patients with esophageal squamous cell carcinoma (ESCC) and 125 healthy individuals from Henan, China. A total of 45 studies from 22 articles, regarding 33 miRNAs were considered in the meta-analysis. The pooled sensitivity and specificity were both 0.79 (95% confidence interval, 0.76-0.82 for both). Among the 5 miRNAs considered (miR-21, miR-223, miR-375, miR-25 and miR-100), miR-21 and miR-223 were significantly overexpressed whereas miR-375 expression was reduced in patients with ESCC compared with healthy individuals (all P<0.001). The areas under the curves (AUCs) were 0.80, 0.73, and 0.69 for miR-21, miR-223, and miR-375, respectively. The AUCs increased when discriminating between patients with early ESCC in stage 0-I and the non-invasive carcinoma stage Tis-T1 stage from controls. Thus, it was concluded that plasma miR-21, miR-223 and miR-375 may serve as non-invasive diagnostic biomarkers in patients with ESCC, especially early ESCC in stages 0-I and Tis-T1.
Introduction
Esophageal cancer (EC) is the 8th-most prevalent and the 6th most lethal type of malignant cancer globally; esophageal squamous cell carcinoma (ESCC) is the predominant pathological type of EC (1) . According to the GLOBOCAN estimates, in 2012 the incidence of EC varied by >21-fold internationally (1, 2) . North-central China is positioned on the 'esophageal cancer belt' (3); the Henan province is representative of this region. Due to the lack of symptoms at the onset of EC, the majority of patients with EC are diagnosed and treated at an intermediate or advanced histological stage, when lymph node or distant metastasis, may have occurred. Consequently, the 5-year survival rate of EC remains low, at 15-25% (4, 5) .
Although treatments for EC, including surgery, radiation, and chemotherapy, have been greatly improved over the past decades, the disease continues to be associated with a relatively poor prognosis. A number of studies have demonstrated that autologous cellular antigens, including established serological tumor biomarkers or their corresponding autoantibodies, could invoke an immune reaction in patients with cancer (6) (7) (8) . However, such biomarkers are rapidly degraded or cleared from the circulatory system (9) . Furthermore, the majority of these biomarkers are insufficient for the early detection of EC (10, 11) . Therefore, the discovery of novel tumor biomarkers is urgently required to detect carcinogenesis at an early stage as accurately as possible and improve the prognosis of patients with EC.
MicroRNAs (miRNAs/miRs) are small non-coding single-stranded RNAs of 20-25 nucleotides. They have been demonstrated to exist stably in cell-free body fluids, including the saliva, plasma, serum and urine. The first circulating miRNA potential biomarker for cancer diagnosis was identified in 2008 (12) . MiRNAs continue to attract research attention for this purpose, and promising diagnostic markers have been identified for breast cancer (13) , liver cancer (14) , lung cancer (15) (18) and gastroesophageal cancer (19) ; a number of such biomarkers function as oncogenes or tumor-suppressor genes (20) . Numerous studies have associated various circulating miRNAs with EC (21) . However, different research groups have drawn contrasting conclusions regarding the same plasma miRNAs in EC. MiR-375 expression was demonstrated to be upregulated in EC by Li et al (22) , and downregulated by Komatsu et al (23) . Other studies demonstrated that the expression of miR-375 was significantly downregulated in other types of cancer, particularly in tumors of the digestive tract (24) (25) (26) (27) . Verification of these previous conclusions is required.
In the present study, a meta-analysis of previously studied circulating miRNAs in plasma or serum was performed to assess their diagnostic efficiency in EC. The 5 most studied miRNAs were selected as candidate markers, and their expression levels in plasma were quantified using reverse transcription quantitative-polymerase chain reaction (RT-qPCR). The results were used to verify and evaluate their diagnostic value in a validation group of ESCC samples.
Subjects and methods

Study population and sample collection.
A total of 125 patients were histopathologically diagnosed with primary ESCC at the Henan Cancer Hospital (Henan, China) between April 2013 and December 2014. The patients had undergone no prior surgery, chemotherapy or radiotherapy. The 7th edition of the International Union Against Cancer (UICC) tumor-node-metastasis (TNM) staging system (28) was used for the classification of the patients with ESCC. Peripheral whole blood was collected from each patient in EDTA-K2 anti-coagulant tubes prior to any treatment. Plasma was separated within 2 h of collection by centrifugation at 3,000 x g for 10 min at 4˚C. The samples were then stored at -80˚C until required. A total of 125 age-and sex-matched individuals were selected from the annual health examinations during the same period, and were enrolled as healthy controls. Patients with symptoms suggestive of cancer, digestive tract diseases or immune diseases were excluded. The present study was approved by the Institute Research Ethics Committee of Henan Cancer Hospital and Zhengzhou University. Written informed consent was obtained from all participants.
Meta-analysis of the diagnostic value of circulating miRNAs to diagnose EC.
A systematic literature search in the PubMed and Web of Science databases was performed, considering published studies in English or Chinese until April 2016. The major medical subject heading search terms were as follows: 'esophageal neoplasms', 'microRNAs', 'blood', 'diagnosis' and 'sensitivity and specificity', 'biomarkers' and 'tumor'. Manual retrieval was also applied by tracing references to identify additional records.
All relevant publications were included based on the following criteria: i) Patients were diagnosed with primary EC; ii) studies concentrated on circulating miRNAs in serum or plasma; and iii) studies provided sufficient data for the construction of 2x2 tables. The exclusion criteria were: i) Duplicate studies; ii) publications not in Chinese or English; iii) reviews, meta-analyses, case reports, editorials and meeting records; iv) studies without blood samples, or with samples extracted subsequent to surgery, chemotherapy or radiotherapy; v) studies that did not provide sufficient data to calculate the sensitivity, specificity and AUC of miRNAs and diagnose EC; vi) studies focusing only on the survival and prognosis of EC; and vii) studies focusing only on the molecular mechanisms of miRNAs in EC.
Data were extracted from the included studies by two independent reviewers, and disagreements were resolved through discussion. The extracted information is provided in Table I . When a training group and a validation group appeared in one article simultaneously, they were treated as independent studies in the meta-analysis. From this meta-analysis, the top 5 most-studied miRNAs were selected as the candidate markers for further verification.
RNA purification. RNA was purified from 200 µl plasma using a miRNeasy Serum/Plasma kit (cat. no. 217184; Qiagen GmbH, Hilden, Germany) and eluted with 14 µl of RNase-free water, according to the manufacturer's instructions. The yield of RNA was determined by a NanoDrop 2000 spectrophotometer (Thermo Fisher Scientific, Inc., Waltham, MA USA). The total extracted RNA was stored at -80˚C until required.
RT-qPCR. Quantification of the 5 selected miRNAs was performed using RT-qPCR, with 5S rRNA as a reference for normalization. The reverse transcription of total RNA was performed using a miScript II Reverse Transcription kit (cat. no. 218161; Qiagen GmbH) in the GeneAmp ® PCR System 9700 (Applied Biosystems, Foster City, CA, USA). Thermocycling conditions were as follows: 37˚C for 60 min followed by 95˚C for 5 min. Each reaction consisted of 0.5 µg RNA, 1 µl 10x Nucleics mix, 2 µl 5X HiSpec buffer and 0.5 µl miScript Reverse Transcriptase Mix, with RNase-free water added for a total volume of 10 µl. The reaction mix was diluted to 1:10 using RNase-free water and stored at -20˚C until use. The PCR amplification was performed using SYBR Green I Master on the LightCycler ® 480 II Real-time PCR Instrument (both from Roche Diagnostics GmbH, Basel, Switzerland), according to the manufacturer's instructions. The thermocycling conditions of the PCR amplification reactions were as following: First an initial denaturation for 10 min at 95˚C, then 40 cycles of denaturation at 95˚C for 10 sec and annealing at 60˚C for 30 sec. The primer sequences are listed in Table II . Each reaction was performed in triplicate. The cycle number at which the fluorescence reached the fixed threshold was referred to as the cycle threshold (Cq). The expression levels of miRNAs were calculated using the 2 -ΔΔCq method (ΔΔCq = ΔCq case -ΔCq control , ΔCq = Cq miRNA -Cq reference ) (29) .
Statistical analysis. Stata 12.0 software (StataCorp LP, College Station, TX, USA) was used to perform the diagnostic meta-analysis using the Midas module produced by Dwamena (30) . The bivariate mixed effects model (31) was used to calculate the main parameters and their corresponding 95% confidence intervals (CIs). The heterogeneity among studies was assessed by I 2 tests, and significant heterogeneity was considered to exist when I 2 >50% (32). Publication bias was evaluated by Deeks' funnel plots. P<0.1 was considered to indicate a statistically significantly difference. Table I . The main characteristics of eligible studies in the systematic meta-analysis. Table I . Continued. Table I . Continued. Non-parametric tests (the Mann-Whitney U test and Kruskal-Wallis test) were used to compare the plasma miRNAs expression levels. The associations between the concentrations of plasma miRNAs and clinicopathological features were evaluated by Fisher's exact test or χ 2 test. The analysis of receiver operating characteristic (ROC) curves was performed to evaluate diagnostic power, allowing estimation of the area under the ROC curves (AUCs) with 95% CIs. The Youden index was used to determine the cutoff value of miRNAs (33) . GraphPad Prism 6 (GraphPad software Inc., La Jolla, CA, USA) was used to produce figures. A two-sided P<0.05 was considered to indicate a statistically significant difference.
Results
Subject characteristics.
A total of 125 patients with ESCC and 125 age-and sex-matched healthy controls were included in the study. All subjects were >40 years old, with ESCC patients ranging from 41-80 and healthy individuals from 40-79; the median age was 63 for these two groups. The main clinicopathological features of patients with ESCC are listed in Table III . No data was available for 4 (3.2%) patients regarding the TNM stage, 7 (5.6%) regarding the tumor location and 14 (11.2%) regarding the differentiation grade. There was only data regarding M-status for a further 3 patients. Therefore, in total, there were 7 patients for which data regarding the T and N stage were not available.
Characteristics of the studies included in the meta-analysis.
With non-English/Chinese studies excluded, a total of 162 articles were retrieved from the 2 databases and manual retrieval (Fig. 1) . Among them, 140 were subsequently excluded according to the exclusion criteria. As a consequence, 22 articles (22, 23, (34) (35) (36) (37) (38) (39) (40) (41) (42) (43) (44) (45) (46) (47) (48) (49) (50) (51) (52) (53) were eventually included in the meta-analysis. Among them, 7 articles (22,38,39,46,47,51,52) studied more than one miRNA. A total of 2 articles (34,44) focused on different miRNAs in the same subjects and contained a validation group. Thus, this meta-analysis contained 45 studies and 33 miRNAs, 1,589 patients with EC and 1,112 healthy individuals.
The main characteristics of each study are listed in Table I . The vast majority of studies considered only ESCC, with just 21 patients from 3 studies (37, 48, 53) presenting with EAC (esophageal adenocarcinoma). In addition, one study (40) did not provide patient histological types. All studies were published between 2010 and 2016 in Asia, of which 39 were published in China, 5 in Japan and 1 in India. MiR-21, miR-375, miR-223, miR-25, miR-100 and miR-10b were reported twice or more in different articles.
The majority of the miRNAs were reported as overexpressed in ESCC. However, different studies arrived at opposing conclusions regarding the expression of miR-375. All eligible studies in this meta-analysis used RT-qPCR to determine the expression levels of miRNAs in plasma (n=16) or serum (n=29), of which 13 studies performed RT-qPCR with SYBR-Green while 32 studies used probes. The expression levels of miRNAs were relatively or absolutely quantified using the 2 -ΔCq or 2 -ΔΔCq methods. The methods for normalization varied from total serum volume to reference controls, including SV40, RUN6B, 5S rRNA, the combination of let-7d, 7g and 7i, miR-16, miR-1228 or other synthetic miRNAs for the construction of standard curves. Cutoff values were set according to the Youden index and varied from <0.01 to 6.22. The overall quality of the included studies in the meta-analysis was assessed using the Quality Assessment of Diagnostic Accuracy Studies 2 (54), and the result was relatively moderate. Fig. 2 includes the forest plots for 45 studies of the sensitivity and specificity of miRNA detection for EC diagnosis. Heterogeneity between studies in sensitivity and specificity were recorded; the I 2 values were 76 and 64%, respectively. Overall pooled sensitivity and specificity were 0.79 (95% CI, 0.76-0.82 for both), and the AUC was 0.86 (95% CI, 0.83-0.89), indicating a relatively high accuracy. As the majority of patients presented with ESCC, the pooled ESCC estimates were close to the overall estimates (Table IV) .
Evaluation of the meta-analysis.
Since only one study was performed in India, the studies were divided into 2 subgroups: China and non-China. Subgroup analyses based on countries and sample types were performed (Table IV) . The China subgroup had a higher pooled sensitivity compared with the non-China subgroup (0.79 vs. 0.72), but a lower pooled specificity (0.79 vs. 0.88). Regarding sample types, the pooled sensitivity was 0.82 vs. 0.76, and the specificity 0.78 vs. 0.81, when comparing plasma to serum. Heterogeneity was observed within each subgroup, suggesting that country and sample types were not the major sources of heterogeneity in the meta-analysis. In the meta-regression analyses, differences in the pooled sensitivity and specificity were statistically significant for the following covariates: The number of cases and controls, the method used to perform RT-qPCR and sample type. Hence, the sources of inter-study heterogeneity remain unclear. The Deeks' funnel plot was used to explore the potential publication bias. The P-value of the slope coefficient was 0.881, indicating no distinct asymmetry and a relatively low probability of publication bias in the meta-analysis.
miR-100 -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Comparison of the 5 candidate miRNAs in patients with
ESCC compared with healthy controls. The plasma expression levels of the 5 candidate miRNAs, miR-21, miR-223, miR-100, miR-25, and miR-375, were determined using RT-qPCR. Analyses of ROC curves were conducted to evaluate their diagnostic values. Although the results revealed statistically significant differences in the expression of the 4 miRNAs (P=0.025 for miR-100, and P<0.001 for miR-21, miR-223, and miR-375), only those ≥2-fold upregulated or ≤0.5-fold downregulated between the blood of patients with ESCC and controls were considered to be meaningful. Consequently, miR-21 and miR-223 expression was determined to be upregulated whereas miR-375 was downregulated in patients with ESCC compared with healthy individuals (Table V) (Table V; Fig. 3) .
Associations of the expression levels of plasma miRNAs with ESCC clinicopathological factors.
Based on the mean expression level, the patients were divided into a high-expression group and a low-expression group for each miRNA. Age and sex were not associated with the expression of any miRNA (P>0.05). The expression level of miR-25 was significantly associated with tumor location (P<0.001), and was higher for tumors of the lower-esophagus than those in the upper-and middle-esophagus. MiR-375 and miR-100 were associated with differentiation grade (P=0.019 and P=0.010, respectively), but there was no significant association between the expression of the other miRNAs and the differentiation grade. The expression levels of all 5 plasma miRNAs were also significantly associated with the TNM stage, particularly the T stage. However, the M stage was not associated with the expression of any miRNA (Table IV) . The statistical association of miRNA expression level with TNM stage (Fig. 4) and T stage (Fig. 5) were consistent for all the miRNAs considered. The expression levels of miR-21, miR-223, and miR-25 were higher, whereas Figure 2 . Forest plot of the pooled sensitivity and specificity of microRNAs in the detection of esophageal cancer. The squares and horizontal lines reflect the study-specific sensitivity and specificity estimates and their corresponding 95% CIs. The diamonds represent the combined estimate. CI, confidence interval; Q, Choran's Q for heterogeneity; df, degrees of freedom.
miR-100 and miR-375 were lower in patients with stage 0-I or Tis-T1 tumors than those in other stages.
Diagnostic value of the 5 candidate miRNAs for early ESCC.
ROC curves were constructed and analyzed to evaluate the diagnostic values of the 5 candidate miRNAs for differentiating patients with ESCC in stages 0-I (Fig. 6 ) and Tis-T1 (Fig. 7 
Discussion
It has been demonstrated that miRNAs are remarkably stable, reproducible and consistent in clinical studies (55) . Furthermore, they can be easily detected by microarray or RT-qPCR for EC diagnosis, which is advantageous over conventional detection methods for EC, including endoscopic and pathologic examination. Numerous studies have explored the associations between miRNAs and various cancers. However, a large proportion of this research was performed in tissues or cell lines, and studies in the context of bodily fluids are rare. Compared with other bodily fluids, blood is generally more applicable as it is easily attained in a relatively noninvasive manner and can be stored for long periods. Circulating miRNAs are highly resistant to RNase A-digestion and other adverse environments, including repeated freeze-thaw cycles, prolonged storage at room temperature and extreme pH conditions (56) . Thus, circulating miRNAs have provided a promising scope for the discovery of diagnostic biomarkers since 2008 (12) .
Considering that a number of circulating miRNAs have been identified for the detection of EC, a meta-analysis was conducted in the present study to evaluate the diagnostic values of circulating miRNAs in plasma or serum in EC. The results revealed a relatively high accuracy, with an AUC of 0.86. In the subgroup and meta-regression analyses, it was demonstrated that the covariates of country, sample type, size of cases and controls, and the detection method used to perform RT-qPCR varied in the pooled sensitivity and specificity. However, heterogeneity remained evident in all subgroups based on these covariates, indicating that the major sources of heterogeneity were not identified through these analyses. Although the expression levels of the circulating miRNAs were all quantified using RT-qPCR, the heterogeneity identified in the meta-analysis may be due to the varying RT-qPCR methods and quantification methods of the studies analyzed. The reagent used for RNA extraction from serum or plasma also varied, as did the standardized control (57) . Furthermore, only miRNAs significantly overexpressed or reduced in expression were selected from the eligible studies in the present meta-analysis. For example, Li et al (22) selected 9 miRNAs to evaluate their diagnostic values, but only 4 differentially expressed miRNAs were identified in the study. Furthermore, all studies were designed as case-controls, which may also contribute to the heterogeneity. Ethnicity would be more likely to be the source of heterogeneity instead of country, as all study subjects were confined to Asia.
The present meta-analysis concentrated only on patients who had not undergone surgery, chemotherapy or radiotherapy in order to achieve a better reflection of the diagnostic efficiency of circulating miRNAs. Wang et al (58) concluded that the sample type was a source for heterogeneity, potentially due to the negligence of the value of I 2 in subgroup and meta-regression analyses.
Since the majority of miRNAs considered in the studies included in the meta-analysis were reported only once, the top 5 most-studied miRNAs (miR-21, miR-25, miR-100, miR-223 and miR-375) were selected as candidate markers. According to the meta-analysis, all 5 miRNAs have been identified as overexpressed in EC, other than miR-375, for which there are opposing results regarding its expression (22, 23) . The present study used specifically selected patient samples and RT-qPCR to validate the previous results. Only the expression levels of plasma miR-21, miR-223 and miR-375 were significantly different in patients with ESCC compared with controls.
Among them, miR-223 was the most significantly upregulated (fold change, 3.88) and miR-21 had the highest diagnostic value (AUC, 0.80). None of the miRNAs were associated with sex or age, which was in accordance with previous reports (21, 58, 59 ). All 5 miRNAs were associated with the T and N TNM stages, with the exception of miR-21, which was associated only with T stage. M stage was not associated with any of the 5 miRNAs. Only miR-25 was found to be associated with tumor location, with tumors from the lower esophagus exhibiting a higher expression of miR-25.
Considering that a patient's prognosis is improved by an early diagnosis, ROC curves were drawn to evaluate the diagnostic values of plasma miRNAs in differentiating patients with early ESCC (in stages 0-I and Tis-T1) from healthy controls. Potentially due to the grouping method, except for miR-25, the expression levels of all the miRNAs in patients with 0-I or Tis-T1 tumors were significantly and consistently altered compared to patients with medium (stage II) and advanced (stage III-IV), or T2 and T3-4 tumors. The AUC for miR-100 increased from 0.58 in all patients with ESCC to 0.79 in stage 0-I and 0.80 in stage Tis-T1, and the AUC for miR-375 increased from 0.69 in all patients with ESCC to 0.87 in stage 0-I and 0.87 in stage Tis-T1. Thus, it is concluded that plasma miR-21, miR-223, miR-100 and miR-375 have the potential to be used as biomarkers for the diagnosis of patients with ESCC, particularly in the early stages of disease.
MiR-21 has been studied in various types of cancer; it is hypothesized that it functions as an oncogene and is upregulated in various types of solid tumor. It is widely involved in cell growth, proliferation, invasion, intravasation and metastasis by targeting tumor suppressor genes, including phosphate and tensin homolog (60, 61) , programmed cell death 4 (62,63), tropomyosin 1 (64), Sprouty2 (65), acidic nuclear phosphoprotein 32 and SWI/SNF-related, matrix associated, actin dependent regulator of chromatin A4 (66) . Previous studies have demonstrated that miR-21 was associated with chemoresistance (61, 67) as well as prognosis (23, 68) in ESCC.
MiR-375 is predominantly expressed in the pancreatic islets (24) . Its expression has been reported as downregulated in multiple types of malignancy, including pancreatic adenocarcinomas (69), gastric cancer (24), head and neck squamous cell carcinoma (70) and liver cancer (71) . Janus kinase 2, MAX interactor 1, and aryl hydrocarbon receptor have been identified as targets of miR-375 that are involved in the regulation of carcinogenesis (24, 72) . There is considerable evidence that miR-375 is a tumor suppressor gene (26) . The present study corroborates this hypothesis, and not the findings of Li et al (22) . One possible reason for these differing conclusions may be error in the original experiment or the subsequent analysis. The expression level of miR-375 may have been interfered with by other factors, for example, blood sample pollution. Alternatively, miR-375 may serve distinct roles (oncogene or tumor suppressor gene) in different types of cancer, as is the case for miR-223 and miR-25. Further research is required to explore the mechanism of miR-375 in ESCC.
Previous studies have indicated that miR-223 and miR-25 are overexpressed in many types of cancer, and may promote cell proliferation, migration and invasion. However, miR-223 expression has been reported as downregulated in primary small cell lung cancer (73) , and miR-25 may inhibit the proliferation of colon cancer and anaplastic thyroid carcinoma cells, thus acting as a tumor suppressor gene (74, 75) .
The present study focused only on the diagnostic value of circulating miRNAs in EC. A range of miRNAs have been identified to exhibit altered expression in EC. These potential biomarkers may be superior in sensitivity to the established serologic biomarkers, including squamous cell carcinoma antigen (SCCA) and carcinoembryonic antigen (CEA) (10, 11) . However, issues remain regarding the applicability of circulating miRNAs as diagnostic biomarkers. No clear consensus exists for the normalization of miRNA detection in serum or plasma, nor does a consistent method for analyzing RT-qPCR data, which leads to the poor repeatability of results. This is a limitation when determining the value of miRNAs for diagnosis. Therefore, it remains unclear which single miRNA, or panel of miRNAs, could be used effectively for the early detection of ESCC. Thus, further efforts are required to set the relevant standards to avoid futile and repetitive studies in the future. The survival rate for ESCC remains poor even following surgery, radiotherapy and chemotherapy. Although it has not yet been satisfactorily achieved, alterations to miRNA expression have the potential to be developed into novel therapies in the future. Considerable efforts are required before miRNA-based methods can be clinically applied.
In conclusion, the present study verified that miR-21 and miR-223 were over-expressed, whereas miR-375 expression was reduced, in patients with ESCC compared with healthy individuals. The identified miRNAs may serve as non-invasive biomarkers for the diagnosis of ESCC, particularly early ESCC. MiR-100 is also a promising biomarker for the early diagnosis of ESCC. Further large-scale prospective studies are required to confirm the clinical diagnostic value of circulating miRNAs in ESCC.
